Background: Administration of botulinum toxin through intraductal salivary infusion may decrease the risks of percutaneous needle injection and improve delivery to permeate the entire gland parenchyma.
INTRODUCTION
Intraglandular injection of botulinum neurotoxin (BTX) is designed to decrease the cholinergic neural stimulus to salivary glands through the process of "chemical denervation." 1, 2 All salivary gland treatments with BTX had been done without specific designated FDA approval until July 2018. At that time, the FDA announced approval for treatment of chronic sialorrhea with Xeomin (incabotulinum A) intraglandular injection. 3 This official approval was specific to the adult population and a dose of 30 units to each parotid gland and 20 units to each submandibular gland.
Despite this limited FDA approval, BTX has been used extensively in the management of salivary disorders associated with a diverse array of diagnoses in pediatric and adult populations. 4, 5 The appropriate use of BTX "offlabel" to treat salivary conditions other than sialorrhea is permitted in a general manner by the FDA through use of an "approved drug for an unapproved use" and in a more specific fashion by medical societies through published consensus statements supporting salivary BTX infusion. [6] [7] [8] [9] Salivary injection with BTX has been reported as effective in treating not only sialorrhea, sialoceles, 10 first bite syndrome, 11 and salivary fistulae, 12,13 but also sialadenitis. [14] [15] [16] Its use in cosmetic surgery has expanded beyond the more common intramuscular treatment of rhytids to include facial recontouring through parotid injection to induce atrophy, 17, 18 and as an adjunct to decreasing submandibular gland size with intraoperative injection to the gland remnant following its partial removal during neck lift surgery. 19 Intraoperative direct injection to the parotid gland at the time of open transcervical approach has also been employed during surgical management of other disorders associated with sialadenitis (M. B. Gillespie, personal communication, 2018; R. R. Walvekar, personal communication, 2018) .
In addition to the less common direct intraoperative BTX administration to the salivary glands, 20 percutaneous needle injection into the salivary parenchyma is more commonly performed using ultrasound to direct needle placement, 21 using electromyography to avoid injecting adjacent musculature, 22 or by palpation with orientation by anatomic landmarks. 16 To date, there have been no reports of intraductal delivery of BTX to the salivary parenchyma.
Intraductal infusion to the salivary glands is performed in the course of conventional sialography. This approach has been shown to have the capacity to deliver contrast agents not only to the salivary acini, but also through the acini with what has been termed "parenchymal clouding" 23, 24 ( Fig. 1) . A murine (rat) study demonstrated that water-based contrast permeates the acini to extend through the "intercellular spaces between the different parenchyma cells" with "distribution of contrast medium at the basal surface of the various cell types and in the connective tissue." 25 In a 2017 porcine cadaver study, Su et al assessed intraductal infusion of methylene blue and identified it to be evenly delivered throughout the salivary gland. 26 These investigators concluded that "intraductal injections might serve as a potential therapeutic procedure in the management of salivary gland disease."
To ensure the safety of this approach and then to report on its efficacy as applied clinically, we evaluated patients treated with intraductal salivary infusion of BTX. This study employed onabotulinumtoxinA (Botox), which is referred to as BTXA to differentiate it from the more generic abbreviation BTX, which we use to refer to all types of BTX.
MATERIALS AND METHODS
The local institutional review board (IRB) directed and approved an initial prospective study on the safety of the intraductal route of administration for BTXA. All methods were in full accordance with the principles set out by the World Medical Association Declaration of Helsinki. The IRB limited initial study of salivary ductal infusion of BTXA to one gland per patient and 25 units BTXA per gland, with a maximum enrollment of two "study patients" (patient #1 and #2). Three patients with the complaint of hypersalivation, and who were candidates for ultrasound-guided percutaneous salivary gland injection, were selected from the senior author's practice (convenience sample) and were offered participation in the study. Two patients chose to participate. The study extended from 1/3/2018 to 8/11/2018. For those previously treated with percutaneous BTX injection, a minimal "washout" period of 3 months was required before treatment with intraductal infusion.
Patient #1 complained of sialorrhea presumed to result from poor tolerance of saliva secondary to bilateral hypoglossal nerve paralysis following total laryngectomy performed with extended resection, including bilateral submandibular gland resection for recurrent laryngeal and base of tongue cancer. Bilateral ultrasoundguided percutaneous parotid injections with 20 units BTXA in 0.8 cc to each parotid gland had been done previously without perceived benefit. Following a washout period of 10 months from the time of his percutaneous injection, he received intraductal insufflation of BTXA to the right parotid gland.
Patient #2 had previously been treated for hypersalivation of unknown cause and reported an initial partial response to the first, but not the second, of two ultrasound-guided percutaneous salivary gland infusions with 25 units of BTXA delivered to each of the four major glands (100 units total). Following a washout period of 35 months from the most recent of the percutaneous injections, he was enrolled in the safety study with intraductal insufflation of 25 units of BTXA to the left submandibular gland with concurrent measurement of the pressures generated.
Technique
A pre-enrollment visit included discussion of the study and its requirements as well as completion of a preprocedural questionnaire. Patients with anticipated failure in cannulating the duct orifice or with active inflammation/infection were excluded from consideration. The procedures were performed in an otolaryngology clinic room with a microscope. Patients gave informed consent for the procedure in addition to their written consent to participate in the study.
Patients were asked to arrive well-hydrated and had begun taking amoxicillin/clavulanate (Augmentin) 875 mg by mouth twice daily for a 3-day course beginning the morning of the procedure. They were positioned semi-recumbent with the salivary ducts visualized under a microscope. Topical viscous lidocaine was applied to the oral mucosa. With microscopic guidance, the salivary duct was cannulated with a guide wire (0.015 inch guide wire, COOK Medical, Inc.) over which a 22 gauge angiocatheter was inserted to its hub.
Twenty-five units in 1 cc of reconstituted BTXA (25 units per cc) were insufflated into one of the major salivary ducts, followed by a "chaser" of up to 6 cc saline, titrated to the subject's reported level of discomfort. For one subject, the pressure of insufflation was measured with an inline disposable pressure transducer (Mirador Biomedical).
To prevent immediate egress of the infusate, the catheter was hubbed flush with the duct orifice under continued inspection for 4 minutes. Immediately following removal of the catheter, intraoral lemon juice or a lemon drop was administered and followed by gland massage with oral rinse. The setup is shown in Figure 2 .
The subjects were contacted 1 week after infusion for report of side effects and efficacy, and then returned to clinic in 2 weeks for further analysis of possible side effects including a critical analysis of facial nerve function. The subjects were contacted again in 3 months for the same.
Following closure of this prospective safety study, which included a report to the IRB, two patients were treated therapeutically in a similar manner. Retrospective review of these two patient records fulfilled the exclusion criteria for formal IRB review as "case studies of an innovative therapy with three or fewer patients." These two therapeutically treated patients are distinguished from initial two "study patients" by being categorized as "clinically treated patients" and numbered patient #3 and patient #4.
Patient # 3 had a parotid cutaneous fistula that persisted over the preceding 14 years despite interventions including Schwalje and Hoffman: Intraductal Botulinum Toxin surgical closure of the fistula site and botulinum toxin injection to the skin around the fistula for presumed Frey's syndrome. He chose to undergo transductal infusion due to failure of previous ultrasound-guided percutaneous injection (50 units BTXA) to the parotid parenchyma. Patient # 4 had sialorrhea associated with Parkinson's disease, and chose treatment with transductal infusion over a percutaneous injection to avoid discontinuing anticoagulation (warfarin) therapy.
Infusion techniques in these clinically treated patients were performed as per the initial study, modified only by the higher dose delivered (50 units BTXA) to the parotid gland with the salivary-cutaneous fistula (patient #3). Patient #4 received a total of 50 units of BTXA (25 units each) to the submandibular glands followed 4 weeks later by another 50 units (25 units each) to the parotid glands. For these two patients, clinical response was determined by chart review of recorded subjective patient assessment at approximately 2 weeks after the procedure.
RESULTS
Prospective study of single gland infusion with BTXA focused on the safety and tolerance of the procedure with additional assessment of treatment effect. The two patients assessed in this study showed no complications from 25 units of BTXA infused into the right parotid gland (patient #1) and the left submandibular gland (patient #2) (Table I) . Despite the higher volume (total of 7 cc) used to infuse the parotid gland in patient #1, he reported no discomfort with the procedure.
Patient #2 reported that the discomfort experienced in the left submandibular gland as it was expanded in the course of infusion rapidly dissipated by pausing during the otherwise continuous infusion. In this patient, pressure measurements were recorded for each 0.2 cc increment of saline infusion and following each pause during the infusion (Fig. 3) . The pauses during infusion were associated with a decrease in the pressure and were followed by an increase in pressure with resumption of the infusion. A peak pressure of 75 mm Hg (following delivery of 2.6 cc) was followed by a rapid decrease to a nadir of 10 mm Hg; final pressure was 15 mm Hg with infusion completed to a volume of 3.0 cc. The final volume instilled (3 cc) was determined by his report of discomfort and desire to not extend the infusion. Follow-up evaluation permitted a comparison of videos done before and 2 weeks after left submandibular infusion demonstrating marked reduction of salivary flow on the left but not the right gland on massage. Following completion of the prospective study of the two initial patients, selected patients were offered intraductal BTXA infusion.
Patient #3 was evaluated with a sialogram, which identified the parotid cutaneous fistula with an otherwise normal ductal system without stricture (Fig. 4) . Initial treatment with ultrasound-guided percutaneous intraglandular injection delivered 50 units of BTXA (in 2.0 cc) to the right parotid gland. The patient reported an initial impression of decreased fistula output that was not realized until 1 month Three and one-half months after the percutaneous injection, intraductal infusion of to the right parotid gland was performed with BTXA (50 units in 2 cc) followed by 6 cc of saline (total of 8 cc instilled). Two weeks post-treatment, the patient reported that the result was "95% good" and "will advise if leakage starts up." Patient #4 was initially treated with intraductal infusions of 25 units of BTXA to each submandibular gland followed by infusion of saline (2 cc to right, 3 cc to left). Despite the patient's subjective lack of benefit, 6-week follow-up examination revealed only scant saliva expressible from the submandibular glands with massage-whereas before the BTXA infusion, robust production of saliva had been identified from all four major salivary glands. Abundant saliva was expressed from both parotid glands at this 6-week follow-up, including "gleeking" from the right gland. At this visit, therefore, 25 units of BTXA followed by 5 cc of saline were instilled into each parotid duct.
Follow-up phone contact with patient #4 on post-op day 4 following the parotid infusions (7 weeks after the submandibular gland infusions) identified no side effects, that the procedure was not difficult for him, and that he was "90% there" and doing well with respect to improved control of his drooling. He related that the new degree of dryness in his mouth that he attributed to the BTXA infusion now required that he drink more liquids when eating. A followup conversation 2 weeks after the parotid infusion revealed continued success in addressing the sialorrhea, along with the minor annoyance of dry mouth. Patient #4 initiated further follow-up 2 months after the parotid infusion due to a feeling that the medication was wearing off and that salivation was increasing. Repeat infusion was planned.
DISCUSSION
Intraductal drug delivery to the salivary gland is commonly performed. For example, steroid infusion is often performed at the time of sialendoscopy. 27, 28 Successful treatment of salivary swelling by in-clinic steroid infusion through cannulation without sialendoscopy has also been reported. 29 A report by Sun et al identified the value of sialendoscopy-directed intraductal infusion of a chymotrypsin/gentamicin preparation to address chronic obstructive parotitis. 30 In addition to infusion of medications to target ductal abnormalities, drugs have been delivered through the duct to treat abnormalities of the gland parenchyma. Intraductal infusion of methyl violet was employed in China to treat chronic suppurative parotitis in the 1980s. This practice was subsequently supported by Zou et al in 1992, who recommended this treatment for selected patients to induce "atrophy of the parotid with ablation of clinical symptoms." 31 Intraductal BTXA infusion, as we report, delivers the toxin via the ductal system through the parenchyma to the site of cholinergic innervation to the acinar units. The degree to which the neuroeffector site is permeated by this technique of BTXA infusion is likely dependent on the dose administered, the pressure with which it is delivered, and also the structural integrity of the duct and the parenchyma to which it is directed.
The volume of radiocontrast delivered and associated pressures generated in the course of diagnostic sialography have been extensively studied with a large portion of the research published prior to 1980. In 1973, Blair offered an extensive review of salivary infusion techniques and reported the standard volume of radiocontrast delivered ranging from 0.5 cc to 6.0 cc. 32 This investigator endeavored to standardize gland infusion through a slow gravitydelivered "hydrostatic pressure" method to improve upon the variability induced by hand-injection infusion technique. This "infusion-to-the point-of-pain" approach still relied on the accepted standard guiding amount of contrast delivered by way of a signal from the patient indicating time to stop the infusion.
In 1975, Zijlstra and ten Bosch expanded on previous study of pressures generated during sialography to identify that larger volumes (7 cc to the parotid and 5 cc to the submandibular gland) could be delivered when administered with lower injection speed and concluded that, when administered by this technique, the injected material was resorbed outside the ductal system. 24 They identified that-in a manner similar to our findings-a decrease in pressure normally occurs in the course of infusion presumably due to distribution of the infusion from the duct system into the parenchyma. They supported use of constant hydrostatic pressure measurement as a valuable adjunct to help guide salivary infusion.
In 1990, Lewis et al reported value in pressure monitoring during sialography with high filling pressure as a potential indicator of ductal obstruction or diversion of the infusion cannula outside of the duct, which they termed as being "tissued."
33 Among 296 salivary gland infusions employing aqueous contrast medium, these investigators were able to correlate (P < .001) an elevated filling pressure in 160 of those studied whose sialograms identified ductal obstruction. The pressure device used in our study (Mirador Biomedical Compass inline pressure transducer) is designed to measure compartmental pressures but appears to function as a useful adjunct in Schwalje and Hoffman: Intraductal Botulinum Toxin monitoring salivary drug infusion, but also to assist in the process of diagnostic sialography. The safety of the intraductal infusion of BTX is supported not only by our findings, but also by previous extensive study of the diffusion of the drug to possibly affect muscles adjacent the salivary glands. Concern about diffusion of BTX from the parotid gland is mitigated by understanding of the purposeful treatment of injection of the musculature adjacent the parotid gland. It is common practice to inject the masseter muscles to treat hypertrophy and dystonia. In study of 680 patients (2,036 sessions) treated with 20-30 units of onabotulinum toxin for masseter hypertrophy, Peng and Peng reported the most common complications as transient (1 week) muscle weakness with chewing (30%), bruising from the needle placement in a vessel (2.5%), headache (0.58%), and paradoxical masseter muscle bulging (0.49%). 34 Petracca et al, studying injection of abobotulinumtoxinA through the percutaneous route to the salivary glands, noted a 1.5% rate of side effects attributable to the injection itself, including pain and bleeding. 35 That study also reported rare complications of the intraparenchymal injection, including dysphagia, dysarthria, and aspiration pneumonia. Inadvertent intravascular injection is very rare but has been reported as causing one case of iatrogenic botulism. 36 We anticipate that wider experience with the intraductal approach to gland infusion will be associated with a lower complication rate than those studies cited above.
A shortcoming of this study is the retrospective analysis of treatment efficacy limited to only two patients. Their subjectively favorable results coupled with the subjective assessment of decreased salivary production with massage of the submandibular glands in patients #2 and #4 offer support for use of this approach to add to the options available in treating salivary gland disease.
CONCLUSIONS
The intraductal route of botulinum toxin delivery to salivary glands was well tolerated without complication. Pressure measurements during infusion may be helpful to direct treatment. Two patients treated therapeutically by this approach reported benefit in decreasing salivary output.
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